Background: Patients with schizophrenia report muscle weakness. The relation of this muscle weakness with performing daily life activities such as walking is however not yet studied. The aim of this study was to quantify walking capacity and health related muscular fitness in patients with schizophrenia compared with age-, gender and body mass index (BMI)-matched healthy controls. Secondly, we identified variables that could explain the variability in walking capacity and in health related muscular fitness in patients with schizophrenia.
Background
Patients with schizophrenia have a reduced aerobic capacity [1, 2] and report subjective muscle weakness [3] . It is likely that both play an important role in the physical adaptation to daily life activities such as walking. Previous research already demonstrated that an impaired performance on daily life activities in patients with schizophrenia is associated with overweight, metabolic complications, smoking behaviour, negative symptoms and a lower physical self-perception [4] [5] [6] . An impaired functional walking capacity has been related as well to a reduced health related quality of life [7] .
Recently, there has been a growing interest in the physical rehabilitation of patients with schizophrenia [8] .
International guidelines state that physical activity should be one of the cornerstones in the multidisciplinary treatment [9, 10] . It has been reported that physical activity might improve glycemic control, lowers blood pressure, improves lipid profile and decreases abdominal fat mass [11] . Unfortunately, only 25% of patients with schizophrenia meet the minimum health recommendations of 150 min of at least moderate intensity physical activity per week [12] and long-term adherence to supervised physical activity programmes is generally poor [11] . The failure to increase physical activity in patients with schizophrenia has been explained by socio-demographic, somatic and motivational factors including the presence of negative and depressive symptoms [13] . A prerequisite for supervised physical activity programmes in patients with schizophrenia therefore is information about the mental and physical health status including the presence of negative and depressive symptoms, the magnitude of impairment in aerobic capacity and functional exercise capacity and the metabolic and muscular fitness [14] .
Although a reduced muscular fitness might contribute to daily life impairments, the extent of muscle weakness in schizophrenia patients compared with age-, gender and body mass index (BMI)-matched healthy subjects and its relation with performing daily life activities such as walking is, to the best of our knowledge, not yet studied.
The aim of this study therefore was to quantify walking capacity and health related muscular fitness in patients with schizophrenia compared with age-, gender and body mass index (BMI)-matched healthy controls. Secondly, we identified variables that could explain the variability in walking capacity and in health related muscular fitness in patients with schizophrenia.
Methods

Participants and procedure
Over a 6-month period, patients with schizophrenia of the University Psychiatric Centre of Kortenberg and the Brussels Nighthospital Belgium were invited to participate. Psychiatric diagnosis based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria [15] was established by experienced psychiatrists responsible for the patients' treatment. Patients were included if (a) acute symptoms were (at least partially) remitted, and (b) patients were stable on antipsychotic medication, i.e. using the same dosage for at least four weeks prior to inclusion. Patients were excluded if they had a DSM-IV diagnosis of substance dependence. Somatic exclusion criteria included evidence of significant cardiovascular, locomotor and endocrine disorders which, according to the American College of Sports Medicine [16] , might prevent safe participation in the sub-maximal exercise tests. All participants received a physical examination and baseline electrocardiogram before testing.
Healthy control subjects were recruited among the personnel (i.e. health care workers, researchers, students) of the participating centres. All control subjects were volunteers who received a general physical examination in the previous year and reported to be free of significant psychiatric, cardiovascular, neuromuscular and endocrine disorders that might hinder safe participation. By selection, gender distribution and mean values for age and BMI did not differ significantly between healthy controls and schizophrenia patients. This matching was performed by an independent statistician blinded for the physical activity and physical fitness outcomes. All participants filled out a physical activity questionnaire and performed afterwards a muscular fitness and walk test. Participants were requested to refrain from eating, drinking coffee or smoking during a two-hour period prior to the tests. Patients were also screened for psychiatric symptoms and extrapyramidal side-effects of antipsychotic medication and received a fasting metabolic laboratory screening.
The study procedure was approved by the Scientific Committee of the University Psychiatric Centre of the Catholic University of Leuven, Belgium. All participants gave their written informed consent.
Demographical data
Demographic patients' data (including illness duration) were obtained from medical records while age for the control participants was self-reported. All participants were asked whether they currently smoked. Those participants who responded affirmatively to this question were asked how many cigarettes they smoked per day.
Walking capacity
The six-minute walk test (6MWT) was performed according to the American Thoracic Society guidelines [17] in an indoor corridor with a minimum of external stimuli. Two cones, 25 m apart, indicated the length of the walkway. Participants were instructed to walk back and forth around the cones during six minutes, without running or jogging. Resting was allowed if necessary, but walking was to be resumed as soon as the participants were able to do so. The protocol stated that the testing was to be interrupted if threatening symptoms appeared. The total distance walked in 6 minutes was recorded to the nearest decimetre. Standardised encouragements were provided at recommended intervals. Supervision and measurement of the 6MWT was performed by one of four trained members (three physical therapists, one research nurse). With an intra class correlation of 0.96 [95% confidence interval (CI):0.94-0.98)], the 6MWT has been shown to be a reliable test to assess the exercise capacity in patients with schizophrenia [18] .
Health related muscular fitness
The health related muscular fitness was measured by a standing broad jump test [19] , using a tape measure on a foam mat. Participants were asked to stand behind a line drawn perpendicular to the tape measure and jump forward as far as possible using arm swing and knee bending before jumping. The distance jumped was recorded from the take-off line to the farthest point backward of the participant. Higher scores indicate a better muscular fitness. The standing broad jump test previously showed an excellent reproducibility in patients with schizophrenia with an intra class correlation of 0.98 [95% confidence interval (CI):0.96-0.99)] [20] .
Physical activity participation
The International Physical Activity Questionnaire (IPAQ) [21] uses a structured format that asks participants to recall activities for each of the last seven preceding days in morning, afternoon, and evening time periods. Data from the IPAQ were summarised according to walking, moderate (activities that take moderate physical effort and make you breathe somewhat harder than normal such as carrying light loads, bicycling at a regular pace, or easy swimming), and vigorous activities (e.g., activities that take hard physical effort and make you breathe much harder than normal such as heavy lifting, digging, aerobics, or fast bicycling) per week. On the basis of what activities participants self-reported, the interviewer also clarified the perceived intensity of that specific activity. A continuous indicator was calculated as a sum of weekly metabolic equivalent (MET)-minutes per week of walking, moderate-and vigorous-intensity exercise. The MET energy expenditure was estimated by weighting the reported minutes per week within each activity category by a MET energy expenditure estimate assigned to each category of activity. MET-levels were obtained from Ainsworth et al. [22] The weighted MET-minutes per week were calculated as duration × frequency per week × MET-intensity, which were then summed across activity domains to produce a weighted estimate of total physical activity from all reported activities per week. Previous research indicated that the IPAQ can be considered as a reliable surveillance tool to assess levels of PA in patients with schizophrenia [12] .
Metabolic and anthropometric measurements
Body weight was measured in light clothing to the nearest 0.1 kg using a SECA beam balance scale, and height to the nearest 0.1 cm using a wall-mounted stadiometer. In patients with schizophrenia a 2-hour 75-g glucose load oral glucose tolerance test (OGTT) was performed according to previously proposed guidelines [23, 24] . Patients were initiated on an overnight fast and were monitored during the OGTT. Waist circumference (WC) was measured to nearest 1 cm at the level of the umbilicus and at the end of expiration with the subject upright Blood pressure was recorded twice in the sitting position after a five minutes rest with an Omron M6 (HEM-7001-E) (Omron W Healthcare Europe). The average of both measures was taken. Patients received a full fasting laboratory screening. The presence of metabolic syndrome was assessed using the International Diabetes Federation criteria [25, 26] . According to these criteria, for a patient to be defined as having the MetS they must have: central obesity (defined as waist circumference ≥94 cm for Europid men and ≥80 cm for Europid women, with ethnicity specific values for other groups) plus any two of the following four factors: (1) raised TG level: ≥150 mg/dL (1.7 mmol/L), or specific treatment for this lipid abnormality, (2) reduced HDL cholesterol: <40 mg/dL (1.03 mmol/L*) in males and <50 mg/ dL (1.29 mmol/L*) in females, or specific treatment for this lipid abnormality, (3) raised blood pressure: systolic BP≥130 or diastolic BP≥85 mm Hg, or treatment of previously diagnosed hypertension, (4) raised fasting plasma glucose (FPG) ≥ 100 mg/dL (5.6 mmol/L), or previously diagnosed type 2 diabetes.
Psychiatric and extra-pyramidal symptoms
Psychiatric and extra-pyramidal symptoms (EPS) were assessed by an independent and well trained nurse using the Psychosis Evaluation tool for Common use by Caregivers (PECC) [27] . The semi-structured PECC-interview evaluates 20 symptom items on a 7-point scale. Symptoms are grouped in 5 factors: positive, negative, depressive, cognitive and excitatory symptoms. The scores for each factor range from 4 to 28. The total score ranges from 20 to 140. EPS scores range from 4 to 16. Higher scores indicate more severe symptoms/sideeffects. Validation results suggest that the PECC can be successfully used for the evaluation of these symptoms in schizophrenia [28] .
Medication use
Current antipsychotic medication use was recorded for each patient and converted into a daily equivalent dosage of chlorpromazine using Gardner's table [29] .
Statistical analyses
Unpaired t-tests with post hoc Bonferroni correction for continuous variables (p=0.005) and Fisher exact tests for categorical variables (gender) (p<0.01) were used to examine differences in characteristics between patients and healthy controls. Additionally, we calculated effect sizes (Cohen's d) to compare health related muscular fitness, walking capacity and physical activity participation between patients with schizophrenia and healthy controls. To identify independent predictors of the walking capacity and health related muscular fitness, a multiple stepwise regression analysis was carried out. Significance level was set here at p=0.01. Statistica 9 (Statsoft Inc, Tulsa, OK, 2009) was employed for the data analyses.
Results
Participants
A total of 100 patients with schizophrenia were initially screened. Six persons with co-morbid substance abuse were excluded while another six patients were excluded for a cardiovascular, locomotor or endocrine disorder that could prevent safe participation. Of the 88 eligible patients, another 8 declined to participate. Eighty participants were thus included in the final analysis. No significant differences in demographical and clinical variables were found between participants and drop-outs (data not presented). Forty healthy controls, matched for age, BMI and sex, agreed to participate. None of them dropped out. Participants' characteristics are shown in Table 1 . Sixty-five percent of the patients with schizophrenia smoked compared to 25% of the healthy controls. Smokers with schizophrenia consumed also more cigarettes per day. Except for the fact that in schizophrenia smokers were less physically active (METminutes per week: 984.1±853.2 versus 1830.8±1517.2, p<0.001), no statistical differences between smokers and non-smokers were found (data not presented). Mean duration of illness was 12.8±9.5 years. Mean daily equivalent dosage of chlorpromazine was 687.2±406.0 mg/day.
Comparisons of walking capacity, health related muscular fitness, and physical activity participation between patients with schizophrenia and healthy controls
Patients with schizophrenia did have a significantly impaired walking capacity (17.9%) and health related muscular fitness (14.1%) compared to age-, gender-and BMI-matched healthy controls (Table 2) . Except for the total minutes of walking per week, patients with schizophrenia were also significantly less physically active as measured with the IPAQ than age-, gender and BMI matched healthy controls (Table 2) .
Correlations with walking capacity and health related muscular fitness in patients with schizophrenia A longer distance on the standing broad jump test was significantly correlated with a longer distance achieved on the 6MWT (Table 3) . Better performance on both physical fitness tests was significantly associated with lower BMI and higher physical activity levels, including total minutes of physical activity per week, total minutes of walking per week, total minutes of vigorous activity per week, the sum of weekly MET-minutes per week (Table 3) . Younger age, a lower illness duration, smoking behaviour and less negative and depressive symptoms were only associated with a better health related muscular fitness, while a lower antipsychotic medication dose as expressed in chlorpromazine equivalents was associated with a higher 6MWT score (Table 3) .
Differences in walking capacity and health related muscular fitness between patients with and without metabolic syndrome Twenty-eight (35%) patients with schizophrenia did suffer from the metabolic syndrome. There were no significant differences in the presence of psychiatric symptoms or EPS between those with and without the metabolic syndrome. Sixteen patients with metabolic syndrome smoked (57.1%) compared with 24 (46.1%) in the group without metabolic syndrome. There was no difference in the number of cigarettes smoked per day between those with and without the metabolic syndrome (26.8±12.2 versus 21.0±12.5, p=0.14). In contrast, the distance achieved 
Determinants of the walking capacity in patients with schizophrenia
Significant correlates of the 6MWT and the presence or not of metabolic syndrome were included in a stepwise multiple regression analysis. For physical activity participation the overall MET-minutes/week was included. Muscular fitness, BMI, the presence of metabolic syndrome and physical activity participation were identified as independent predictors of the walking capacity. The model explained 71.8% of the variability in the distance achieved on the 6MWT (Table 4) . Almost 46% of the variance in 6MWT could be explained by muscular fitness alone. An additional 10.2% was explained by BMI. MET-minutes/week and the presence of metabolic syndrome explained 11.0% and 4.7% more of the variance. Antipsychotic medication dose could not be identified as an independent predictor.
Determinants of health related muscular fitness in patients with schizophrenia
Except for the 6MWT score, all significant correlates for health related muscular fitness and the presence or not of metabolic syndrome were included in the stepwise multiple regression analysis (Table 5 ). For physical activity participation the overall MET-minutes/week was included. Age, illness duration, BMI and physical activity participation were identified as independent predictors Criteria: probability of F-to-enter ≤0.5; probability of F-to-remove ≥0.10, r 2 = determination coefficient, SEE= standard error of estimate, IPAQ= International Physical Activity Questionnaire, MET= metabolic equivalent, *Significance level set at p<0.01.
of the health related muscular fitness. The model explained 53.9% of the variability in the standing broad jump score. Age explained 23.6% of the variance. An additional 7.3% was explained by illness duration. BMI and MET-minutes/week explained 12.4% and 10.6% more of the variance. The presence of metabolic syndrome, depressive and negative symptoms and smoking behaviour could not be identified as independent predictors.
Discussion
General findings
The present study demonstrates that in patients with schizophrenia an impaired walking capacity compared to age-, gender-and BMI-matched healthy controls is associated with a reduced health related muscular fitness. Older age, a longer illness duration, a higher BMI and the current physical activity level were all identified as independent predictors of the health related muscular fitness.
Our data do offer more rigorous evidence for the previously reported association in patients with psychotic disorders between self-reported impairments in daily life functioning such as walking short distances and a reduced muscle strength (i.e. handgrip strength) [30] . The present study also adds to the current knowledge that schizophrenia patients with metabolic syndrome do have a decreased health related muscular fitness compared to those without metabolic syndrome. As was demonstrated in the regression analysis an increased BMI partially explains the variability in standing broad jump scores. Patients with metabolic syndrome had an increased BMI compared with patients without metabolic syndrome. However, since healthy controls were matched for BMI, BMI does not explain the differences in health related muscular fitness observed between patients and controls. Other illness-related mechanisms might contribute to the impaired muscular fitness. Our data demonstrate that patients with schizophrenia are at high risk for developing metabolic complications. Body fat, especially in the abdominal region, is a metabolically active tissue secreting catabolic (leptin, retinol-binding protein-4) agents [31] . The fact that next to age, illness duration additionally explains the variance in health related muscular fitness strengthens the hypothesis that illness-related factors other than the investigated psychiatric symptoms, might contribute to the impaired muscular fitness observed. However, the higher rates of cigarettes smoking in patients with schizophrenia might be a confounding variable. Although smoking behaviour could not be identified as independent predictor for health related muscular fitness in patients with schizophrenia, it cannot be excluded that differences in health related muscular fitness between patients and controls might only reflect differences in smoking behaviour.
We also did not find any association between health related muscular fitness, current antipsychotic medication use and EPS, which is in agreement with a previous study reporting that those on antipsychotic drugs exhibit the same neuromuscular pathology as drug-free patients [32] . This might indicate that neuromuscular changes are not related to the side-effects or the chronic course of antipsychotic medication use. Due to the limited sample size we were however not able to investigate associations of health related muscular fitness with specific antipsychotic agents.
Clinical implications
The present findings indicate that patients with schizophrenia should improve their health related muscular fitness in order to maintain their walking capability. The current International Organization of Physical Therapy in Mental Health guidelines [33] do recommend that for substantial health benefits, patients with schizophrenia should not only do at a minimum 150 minutes a week of moderate-intensity, or 75 minutes of moderate-tovigorous-intensity aerobic activity, but should also perform muscle-strengthening exercises that are of at least moderate intensity and involve all major muscle groups on two or more days a week [33, 34] .
Limitations
The findings of the present study need to be interpreted with caution because of some methodological limitations. The limited sample size, especially of the healthy controls, and the reliance on self-reported physical activity, a method that is prone to both systematic and random errors [35] , prevent us from making any firm conclusions. Nevertheless, there was a high response rate in the patients group which should prevent serious distortion of the results due to selection bias. Although in the healthy controls the IPAQ scores were in agreement with several other Belgian studies [36, 37] , the overall smoking prevalence rate was approximately 1.5 times lower than in the corresponding general population [38] . Criteria: probability of F-to-enter ≤0.5; probability of F-to-remove ≥0.10, r 2 = determination coefficient, SEE= standard error of estimate, IPAQ= International Physical Activity Questionnaire, MET= metabolic equivalent, *Significance level set at p<0.01.
This way a selection bias in favour of healthier control volunteers cannot be excluded. Secondly, we also did not include parameters such as socio-economic status and educational level. Both parameters are known to be associated with physical fitness and the level of physical activity participation, also in patients with schizophrenia. [13] . Thirdly, because of the cross-sectional design of this study no direct inferences can be made about the causal relationship between the determinants found and the impaired walking capacity. However, the impaired walking capacity is most likely both the cause and the consequence of the determinants found. As indicated in the present study, there might be a negative spiral with physical inactivity leading to different metabolic complications, which in turn might affect both health related muscular fitness and physical activity participation. Fourthly, also the use of a single field-test to measure the health related muscular fitness should be considered as a limitation.
Future research
Future studies should investigate potential neurobiological mechanisms for the decreased health related muscular fitness observed. Previous research [39] already found neuromuscular abnormalities either in the muscle biopsy or macro electromyographic investigations, in almost half of first-episode and chronic patients. It is however unclear to which extent these neuromuscular abnormalities, including atrophy of the muscle fibres, contribute to impairments in health related muscular fitness. In the same way it still needs to be explored whether metabolic syndrome induces peripheral neuropathy [40] and if its associated loss in peripheral sensation might be associated with impaired muscle strength. Secondly, more longitudinal research is needed on the effects of duration, side effects, and dosage of antipsychotic medication on the muscular fitness of patients with schizophrenia.
Conclusions
The present study demonstrates that in patients with schizophrenia a reduced walking capacity is associated with an impaired health related muscular fitness. Older age, a longer illness duration, a higher BMI and the current physical activity level are all independent predictors of the health related muscular fitness. Both, the reduced walking capacity and impaired health related muscular fitness should be a major focus in daily clinical practice and future research.
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